Nucleus is the residence and place of work for a plethora of long noncoding RNAs. Here, we provide a summary of the functions and functional mechanisms of several relatively well studied examples of nuclear long noncoding RNAs (lncRNAs) in the nucleus, such as Xist, NEAT1, MALAT1 and TERRA. The recently identified novel EIciRNA is also highlighted. These nuclear lncRNAs play a variety of roles with diverse molecular mechanisms in animal cells. We also discuss insights and concerns about current and future studies of nuclear lncRNAs.
Introduction
Eukaryotic transcripts can be either coding or noncoding based on the presence or absence of functional open reading frame. Noncoding RNAs (ncRNAs) are divided arbitrarily into small (<200 nt) and long (>200 nt) ncRNAs (lncRNAs) based on their length. RNAs are transcribed from the nuclear genome in animal cells; the original place of essentially all RNAs is the nucleus, except the small fraction encoded by the mitochondrial DNA. Most ncRNAs small or long, generally go through several steps of processing or biogenesis in the nucleus. For some ncRNAs, the final residence and functional place is the cytoplasm, where they may undergo further processing steps. For example, the ~20 nt microRNAs are processed from nuclear primary microRNA transcripts with two steps of endoribonuclease cleavage, first in the nucleus and then in the cytoplasm. Actually, a lot of small ncRNAs are originated or processed from precursors or primary forms of lncRNAs. For small ncRNAs, they may reside and play roles either in the cytoplasm or in the nucleus. There are also reports about some small ncRNAs, such as microRNA-29b, getting back into the nucleus and may possess nuclear functions. 1 There are a myriad of ncRNAs especially lncRNAs that remain and function solely in the nucleus. The long studied lncRNA Xist may be the founding member of the long regulatory ncRNAs, which by chance is also a nuclear lncRNA. The past decades have witnessed a dramatic increase in the inventory of nuclear lncRNAs. Diverse roles and multiple functional mechanisms have now been linked to lncRNAs in the nucleus. [2] [3] [4] Our recent work has found a novel class of lncRNAs localizing in the nucleus and regulating transcription. 5 In this extra view, we summarize the functions and functional mechanisms of some of the relatively well studied nuclear lncRNAs, and highlight our recent identification of EIciRNAs. Insights, current thinking and some concerns about nuclear roles of lncRNAs are discussed.
Xist and RoX
In mammals, a long ncRNA Xist is responsible for the inactivation of one X chromosome in female. 6, 7 The phenomenon of X chromosome inactivation in females was documented in 1949, and the central player Xist, a ~17 knt (kilo-nucleotide) ncRNA in human was identified more than four decades later. [8] [9] [10] Xist RNA is essential and responsible for the initiation, propagation, and maintenance of X chromosome inactivation via the recruiting of an array of epigenetic regulators. Xist is expressed from the future inactive X-chromosome. With the accumulation of the Xist RNA, it coats and spreads on the X-chromosome in cis. Xist directly interacts with SHARP, which recruits the co-repressor SMRT to regulate HDAC3, and eventually leads to the deacetylation of histones and some other epigenetic events to silence the transcription on the inactive X-chromosome. [11] [12] [13] [14] Xist RNA also recruits the polycomb repressive complex 1 and 2 (PRC1 and PRC2) to induce the PRC1 meditated mono-ubiquitylation of histone H2AK119 and the PRC2-dependent H3K37me3, respectively. [15] [16] [17] [18] [19] [20] [21] [22] A recent study shows that HnrnpK and Spen specifically interact with Xist. This interaction is not essential for the localization of Xist to the inactive X-chromosome but required for the silencing effect of Xist. 23 [24] [25] [26] [27] [28] In Drosophila melanogaster, compensation of X-chromosome dosage is fulfilled by transcriptional upregulation of the single X chromosome in male. 28 Two lncRNAs roX1 and roX2, both transcribed from the X chromosome in male, are required for the X-chromosome activation by recruiting the Male-Specific Lethal (MSL) protein complex to increase histone H4 acetylation. [29] [30] [31] [32] [33] [34] [35] [36] [37] RoX1 is ~ 3.6 knt, and RoX2 is ~1.1 knt in length. Both RoX1 and RoX2 paint the X chromosome via chromatin entry sites, and they are partially redundant in the X chromosome activation. Although both RoX1 and RoX2 are encoded by the X chromosome, their effects on X chromosome activation can be in trans, as RoX RNAs wrongly or artificially expressed from autosome lead to the same X chromosome activation in male. 34, 37 Xist and RoX RNAs are the first identified regulatory lncRNAs, and either by coincidence both regulate dosage compensation of X chromosome in animals. They also set up the concept that nuclear lncRNAs can be powerful master regulators of chromatin epigenetic status. occupancy changes from that of the typical breast epithelial cells to that of embryonic fibroblasts.
HOTAIR
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The identification of HOTAIR in combination with the development of RNA detection technologies such as microarray and second generation of nucleic acid sequencing has provided a surge in the search for lncRNAs and their functions and functional mechanisms in eukaryotic cell. A plethora of lncRNAs are now thought to utilize molecular mechanisms similar to HOTAIR, to recruit key epigenetic factors for either cis or trans epigenetic regulation of chromatin status in the nucleus.
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NEAT1 and MALAT1
In a search for nuclear enriched abundant transcript (NEAT) RNAs, two lncRNAs NEAT1 and NEAT2 (already identified as MALAT-1 in previous studies) are discovered. 48 NEAT1 is widely [65] [66] [67] [68] [69] MALAT1 is transcribed by pol II. The region of about one hundred nucleotides at the 3' end of unprocessed MALAT1 is the most evolutionarily conserved part of this transcript from fish to human, and this 3' end has the cloverleaf secondary structure of tRNAs. 63, 71 Just like tRNAs, processing of the MALAT1 3' end is executed by RNase P and RNase Z. 63, 71 NEAT1_2 is also processed like MALAT1 by cleavage with RNase P at its 3' end by recognizing a tRNA-like structure, and the mature 3' end of both lncRNAs are protected by triple helical structures. 70, 71 MALAT1 is a component of nuclear speckles (also known as SC35 splicing domains), and it contains two regions responsible for protein interaction and RNA binding for its localization. 48, 62, 73 Nuclear speckles are involved in mRNA processing, splicing, and export of mRNA, and MALAT1 is thought to serve as a scaffold for the pre-mRNA processing complex in nuclear speckles. 48 MALAT1 binds to unmethylated polycomb2 (Pc2) to regulate the nuclear localization of Pc2 based on several researches. 77, 80 Pc2 is a component of the PRC1, and its methylation/demethylation cycle controls the expression of multiple growth-signal responsive genes. Unmethylated Pc2 relocates from polycomb bodies to nuclear speckles by binding to MALAT1, and this binding further promotes the SUMOylation of a critical transcription factor E2F1, which activates a growth-control gene program. 77, 80 In neurons MALAT1 has also been shown to interact with the TAR DNA binding protein (Tdp-43) and to regulate synapse formation. 81 TDP-43 is a nuclear protein that regulates transcription, alternative splicing, and RNA stability. [82] [83] [84] MALAT1 may have diverse functions in multiple cellular events. However, in instances of MALAT1 deletion, no significant effect on nuclear speckles is observed, and there is no distinct phenotype in the MALAT1 knockout mice. [85] [86] [87] It seems that despite all lines of evidence indicating critical functions of MALAT1 in cell cultures, its actual relevance in animal physiology remains unknown.
Some other nuclear lncRNAs
The lncRNA H19 has been known for more than two decades. 88, 89 In recent years H19 has been identified as the primary transcript of miR-675. 90, 91 On the other hand, H19 may also possess a cytoplasmic role as sponge of let-7 and miR-106a. 92, 93 It seems that H19 as one of the most abundant, conserved, and first identified lncRNAs in mammals remains intriguing for its actual physiological functions and functional mechanism. Another nuclear lncRNA Pnky is found in mammalian neural stem cells, and it interacts with PTBP1 to regulate the expression and alternative splicing of some genes. 94 Another class of RNAs are derived from the enhancers of an array of genes, and are known as enhancer RNAs (eRNAs). 95 eRNAs are a large species of lncRNAs residing in the nucleus and maybe never apart from the chromatin. Enchancer DNA elements can regulate the transcription of genes in cis from a distal intragenic or intergenic region. [96] [97] [98] [99] [100] [101] Transcription at enhancer can produce bi-directional and uni-directional eRNAs, 102, 103 and the main function as well as the reason of producing two forms of eRNAs is still unclear. eRNAs normally are recognized as non-polyadenylated single exon, although spliced and polyadenylated eRNAs have also been shown to exist. [103] [104] [105] eRNAs are positively regulated by Androgen, estradiol, P53, MYOD, and MYOG in various conditions. [106] [107] [108] Under the estradiol treatment, eRNAs from the enhancers of the estradiol induced genes are increased in MCF7 cells. 102 Similarly, Nutlin-3 induces eRNA production from the enhancer of p53-dependent genes. 107 The REV-ERB signaling can negatively regulate the generation of eRNAs through binding to the enhancer of target genes. 109 The exact mechanism of eRNAs in regulating gene transcription is largely unknown. It has also been shown that eRNAs can stabilize the looping of the cohesion and/or Mediator complex interacting with the enhancer of the target genes, although eRNA deletion does not always influence the loop formation. 102, 110 Some housekeeping lncRNAs also reside in the nucleus, and these include centromeric satellite
RNAs and telomere RNAs, and both actually possess regulatory roles along their canonical functions. Centromere is composed of satellite and retroelement repetitive DNA sequences in most eukaryotes. [111] [112] [113] [114] RNAs transcribed by pol II from the repetitive DNA elements are termed centromeric satellite RNAs. Centromeric satellite RNAs usually are in a length of 35-5000 nt, [115] [116] [117] [118] and they have a key role on centromere/kinetochore assembling and function in many organisms. [119] [120] [121] The minor satellite RNA in mice even plays a role in trans to regulate the activity of telomerase in embryonic stem cells. 122 Telomere RNA is transcribed by pol II from telomeric ends of the chromosome. The length of telomere RNA varies from 100 to 9000 nt and contains various number of UUAGGG repeat sequences in different eukaryotic organisms, and thus it is known as telomeric repeat-contain RNA (TERRA). 123 TERRA is a key component of telomere, which is a nucleoprotein structure that protects the termini of the chromosome from damage and degradation, and maintains the chromosome length, integrity, and stability.
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EIciRNAs
In the past years, circular RNAs (circRNAs) have emerged as a large family of ncRNAs. [128] [129] [130] [131] [132] In canonical or linear splicing, the 5' end of the exon joins the 3' end of another exon upstream (more 5' in the linear precursor RNA). The circRNAs are generated from coding (sometimes also Thousands of circRNAs have been identified in eukaryotic cells. Most circRNAs are composed exclusively of exonic sequences, without association with polyribosomes, and localized in the cytoplasm with cell specificity. 128, 129, 133, 134 Two of these circRNAs have been shown to function as microRNA sponge in the cytoplasm. 128, 129 Recently, we have identified a new subclass of circRNAs, which are circularized with introns ‗retained' between the circularized exons, and for this reason we call them exon-intron circRNAs (EIciRNAs). 5 The identification of circRNAs and
EIciRNAs actually makes us rethink the meaning of -coding‖ sequences of the -coding‖ genes, as now both mRNAs and lncRNAs can be generated from the same exonic sequences of pre-mRNA. In contrast to the other circRNAs, EIciRNAs are localized exclusively in the nucleus. 
